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(54) DEMAND PREDICTION DEVICE AND DEMAND PREDICTION METHOD

(57) The present invention provides a demand pre-
diction device and a demand prediction method capable
of performing demand prediction with higher accuracy.
A demand prediction server 10 includes a data acquisi-
tion unit 1 for acquiring estimated population information
that indicates population estimated in a predetermined
area, a spatial weighing unit 3 for acquiring relative dis-
tance information that indicates a distance between a
position of a prediction reference area included in the
predetermined area and a position of a prediction target
area for which the number of demands is to be predicted
with the prediction reference area as a reference, and a
regression analysis unit 4 and a demand prediction unit
5 for, by performing regression analysis using the esti-
mated population information acquired by the data ac-
quisition unit 1 and a residual based on the relative dis-
tance information acquired by the spatial weighing unit
3, predicting the number of demands in the prediction
target area.
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Description

Technical Field

[0001] The present invention relates to a demand prediction device that predicts the number of demands of users who
want to use a service, and a demand prediction method that the demand prediction device executes.

Background Art

[0002] Conventionally, proposed have been various types of systems that predict the number of demands for a dispatch
service of a vehicle such as a taxi. In Patent Literature 1, for example, disclosed is a vehicle demand prediction system
that performs demand prediction of vehicle dispatch using a relationship between demand result data and fluctuation
factor result data that are determined for each of predetermined cases.

Citation List

Patent Literature

[0003] [Patent Literature 1] Japanese Patent Application Laid-Open Publication No. 2001-84240

Summary of Invention

Technical Problem

[0004] Data that the vehicle demand prediction system described in Patent Literature 1 uses when performing demand
prediction is demand result data that indicates time when a vehicle state transits from one to another among four states
of a vehicle being available for hire, carrying a passenger, on way to pick up a booked fare, and taking a rest, and is not
geographical data that indicates a place where the number of people who need a vehicle such as a taxi is estimated to
be large, and thus performing demand prediction on the basis of this geographical data is not considered at all. Accordingly,
there is a problem that the prediction accuracy in the demand prediction may deteriorate.
[0005] In view of this, the present invention is made to solve the above-described problem, and aims to provide a
demand prediction device and a demand prediction method capable of performing demand prediction with higher ac-
curacy.

Solution to Problem

[0006] A demand prediction device according to the present invention is a demand prediction device that predicts the
number of demands of users who want to use a service, and includes estimation acquisition means for acquiring estimated
population information that indicates population estimated in a predetermined area; distance acquisition means for
acquiring relative distance information that indicates a distance between a position of a prediction reference area included
in the predetermined area and a position of a prediction target area for which the number of demands is to be predicted
with the prediction reference area as a reference; and prediction means for, by performing regression analysis using
the estimated population information acquired by the estimation acquisition means and a residual based on the relative
distance information acquired by the distance acquisition means, predicting the number of demands in the prediction
target area, wherein the prediction means predicts the number of demands by assigning weights such that the residual
becomes smaller as the distance that the relative distance information indicates becomes shorter.
[0007] The demand prediction device according to the present invention initially acquires the estimated population
information indicating the population estimated in the predetermined area, and acquires the relative distance information
indicating the distance between the position of the prediction reference area included in the predetermined area and the
position of the prediction target area for which the number of demands is to be predicted with the prediction reference
area as the reference. Then, the demand prediction device, by performing regression analysis using the estimated
population information and the residual based on the relative distance information, predicts the number of demands in
the prediction target area. It should be noted that the demand prediction device assigns weights such that the residual
becomes smaller as the distance that the relative distance information indicates becomes shorter. Herein, there is a
correlation that as the population indicated by the estimated population information acquired increases, the number of
people estimated to need supply of the service increases. The demand prediction device according to the present
invention predicts the number of demands by performing regression analysis not only considering the above-described
estimated population information that has the correlation with the number of people estimated to need the supply of the
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service, but also considering as geographical data a condition in which as the distance between the position of the
prediction reference area and the position of the prediction target area becomes shorter, the residual being a difference
in predicting the number of demands becomes smaller, and thus it is possible to perform demand prediction with higher
accuracy.
[0008] In addition, a demand prediction device according to the present invention is a demand prediction device that
predicts the number of demands of users who want to use a service, and includes estimation acquisition means for
acquiring estimated population information that indicates population estimated in a predetermined area; event acquisition
means for acquiring scale information and event position information on an event in the predetermined area; distance
acquisition means for acquiring reference distance information that indicates a distance between a position of the event
that the event position information acquired by the event acquisition means indicates and a position of a prediction
reference area for which the number of demands is to be predicted; and prediction means for, by performing regression
analysis using the estimated population information acquired by the estimation acquisition means and an explanatory
variable based on the scale information of the event acquired by the event acquisition means and the reference distance
information acquired by the distance acquisition means, predicting the number of demands in the prediction reference
area, wherein the prediction means predicts the number of demands by assigning weights such that the explanatory
variable becomes larger as the distance that the reference distance information indicates becomes shorter.
[0009] The demand prediction device according to the present invention initially acquires the estimated population
information, the scale information, and the event position information, and acquires the reference distance information
indicating the distance between the position of the event that the event position information indicates and the position
of the prediction reference area. Then, the demand prediction device, by performing regression analysis using the
estimated population information and the explanatory variable based on the scale information and the reference distance
information, predicts the number of demands in the prediction reference area. It should be noted that the demand
prediction device assigns weights such that the explanatory variable based on the scale information and the reference
distance information becomes larger as the distance that the reference distance information indicates becomes shorter.
Herein, there is a correlation that as the population indicated by the estimated population information acquired increases,
the number of people estimated to need supply of the service increases. The demand prediction device according to
the present invention predicts the number of demands by performing regression analysis not only considering the above-
described estimated population information that has the correlation with the number of people estimated to need the
supply of the service, but also considering as geographical data a condition in which as the distance between the position
of the event and the position of the prediction reference area becomes shorter, the above-described explanatory variable
becomes larger, and thus it is possible to perform demand prediction with higher accuracy.
[0010] In addition, it is preferable that the distance acquisition means acquires relative distance information that
indicates a distance between a position of the prediction reference area included in the predetermined area and a position
of a prediction target area that is located on the same road as that on the prediction reference area and for which the
number of demands is to be predicted, and the prediction means, by performing regression analysis using a residual
that is based on the relative distance information acquired by the distance acquisition means and becomes smaller as
the distance that the relative distance information indicates becomes shorter, predicts the number of demands in the
prediction target area. Because the number of demands is predicted by performing regression analysis considering as
geographical data a condition in which as the distance between the position of the prediction reference area and the
position of the prediction target area becomes shorter, the residual being a difference in predicting the number of demands
becomes smaller, it is possible to perform demand prediction with higher accuracy.
[0011] In addition, it is preferable that the estimation acquisition means acquires count information on the number of
processes in which a position registering process is performed by a mobile terminal within a predetermined time period
in the predetermined area as the estimated population information. Herein, there is a correlation that as the number of
processes in which the position registering process indicated by the count information acquired by the estimation ac-
quisition means is performed increases, the number of users of mobile phones is estimated to be larger, and thus the
number of people who need the supply of the service increases. Accordingly, with this structure, it becomes possible to
estimate dynamic changes in population, making it possible to perform demand prediction with higher accuracy.
[0012] In addition, it is preferable that the estimation acquisition means acquires weather information on weather in
the predetermined area and also acquires the estimated population information based on the weather information. With
this structure, the number of demands is predicted with the weather information on weather in the predetermined area
considered, making it possible to perform demand prediction with higher accuracy.
[0013] In addition, it is preferable that the distance acquisition means acquires region attribute information on an
attribute of a region in which the prediction reference area is included, and the prediction means calculates a coefficient
of an explanatory variable based on the attribute that the region attribute information acquired by the distance acquisition
means indicates to predict the number of demands. With this structure, it becomes possible to predict the number of
demands on the basis of the attribute of the region in which the prediction reference area is included.
[0014] A demand prediction method according to the present invention is a demand prediction method that a demand
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prediction device predicting the number of demands of users who want to use a service executes, and includes an
estimation acquisition step of, by the demand prediction device, acquiring estimated population information that indicates
population estimated in a predetermined area; a distance acquisition step of, by the demand prediction device, acquiring
relative distance information that indicates a distance between a position of a prediction reference area included in the
predetermined area and a position of a prediction target area for which the number of demands is to be predicted with
the prediction reference area as a reference; and a prediction step of, by the demand prediction device, by performing
regression analysis using the estimated population information acquired at the estimation acquisition step and a residual
based on the relative distance information acquired at the distance acquisition step by the demand prediction device,
predicting the number of demands in the prediction target area, wherein at the prediction step, the demand prediction
device predicts the number of demands by assigning weights such that the residual becomes smaller as the distance
that the relative distance information indicates becomes shorter.
[0015] In the demand prediction method according to the present invention, initially, the demand prediction device
acquires the estimated population information indicating population estimated in the predetermined area, and acquires
the relative distance information indicating the distance between the position of the prediction reference area included
in the predetermined area and the position of the prediction target area for which the number of demands is to be
predicted with the prediction reference area as a reference. Then, by performing regression analysis using the estimated
population information and the residual based on the relative distance information, the demand prediction device predicts
the number of demands in the prediction target area. It should be noted that assign weights such that the residual
becomes smaller as the distance that the relative distance information indicates becomes shorter. Herein, there is a
correlation that as the population indicated by the estimated population information acquired increases, the number of
people estimated to need supply of the service increases. The demand prediction device according to the present
invention predicts the number of demands by performing regression analysis not only considering the above-described
estimated population information that has the correlation with the number of people estimated to need the supply of the
service, but also considering as geographical data a condition in which as the distance between the position of the
prediction reference area and the position of the prediction target area becomes shorter, the residual being a difference
in predicting the number of demands becomes smaller, and thus it is possible to perform demand prediction with higher
accuracy.
[0016] In addition, a demand prediction method according to the present invention is a demand prediction method
that a demand prediction device predicting the number of demands of users who want to use a service executes, and
includes an estimation acquisition step of, by the demand prediction device, acquiring estimated population information
that indicates population estimated in a predetermined area; an event acquisition step of, by the demand prediction
device, acquiring scale information and event position information on an event in the predetermined area; a distance
acquisition step of, by the demand prediction device, acquiring reference distance information that indicates a distance
between a position of the event that the event position information acquired at the event acquisition step indicates and
a position of a prediction target area for which the number of demands is to be predicted; and a prediction step of, by
the demand prediction device, by performing regression analysis using the estimated population information acquired
at the estimation acquisition step and an explanatory variable based on the scale information of the event acquired at
the event acquisition step and the reference distance information acquired at the distance acquisition step by the demand
prediction device, predicting the number of demands in the prediction target area, wherein at the prediction step, the
demand prediction device predicts the number of demands by assigning weights such that the explanatory variable
becomes larger as the distance that the reference distance information indicates becomes shorter.
[0017] The demand prediction device according to the present invention initially acquires the estimated population
information, the scale information, and the event position information, and acquires the reference distance information
that indicates the distance between the position of the event that the event position information indicates and the position
of the prediction reference area. Then, the demand prediction device, by performing regression analysis using the
estimated population information and the explanatory variable based on the scale information and the reference distance
information, predicts the number of demands in the prediction reference area. It should be noted that the demand
prediction device assigns weights such that the explanatory variable based on the scale information and the reference
distance information becomes larger as the distance that the reference distance information indicates becomes shorter.
Herein, there is a correlation that as the population indicated by the estimated population information acquired increases,
the number of people estimated to need supply of the service increases. The demand prediction device according to
the present invention predicts the number of demands by performing regression analysis not only considering the above-
described estimated population information that has the correlation with the number of people estimated to need the
supply of the service, but also considering as geographical data a condition in which as the distance between the position
of the event and the position of the prediction reference area becomes shorter, the above-described explanatory variable
becomes larger, and thus it is possible to perform demand prediction with higher accuracy.
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Advantageous Effects of Invention

[0018] According to the present invention, it is possible to provide a demand prediction device and a demand prediction
method capable of performing demand prediction with higher accuracy.

Brief Description of Drawings

[0019]

[Fig. 1] Fig. 1 is a function explanatory diagram for explaining a function of a demand prediction server.
[Fig. 2] Fig. 2 is an image diagram for explaining superimposition of each data in demand prediction.
[Fig. 3] Fig. 3 is a function explanatory diagram for explaining the function of the demand prediction server.
[Fig. 4] Fig. 4 is a function block diagram for explaining an outline of a functional module structure of the demand
prediction server.
[Fig. 5] Fig. 5 is a physical structure diagram for explaining an outline of a physical structure of the demand prediction
server.
[Fig. 6] Fig. 6 is a DB structure diagram illustrating one example of a storage format for an area ID and estimated
population information.
[Fig. 7] Fig. 7 is a DB structure diagram illustrating one example of a storage format for an area ID and a rainfall amount.
[Fig. 8] Fig. 8 is a DB structure diagram illustrating one example of a storage format for an area ID and a temperature.
[Fig. 9] Fig. 9 is a DB structure diagram illustrating one example of a storage format for event information.
[Fig. 10] Fig. 10 is a DB structure diagram illustrating one example of a storage format for a road ID and a road line.
[Fig. 11] Fig. 11 is a DB structure diagram illustrating one example of a storage format for a facility ID and influence.
[Fig. 12] Fig. 12 is a DB structure diagram illustrating one example of a storage format for an actual riding location
point and a riding date and time.
[Fig. 13] Fig. 13 is a DB structure diagram illustrating one example of a storage format for a day of the week
corresponding to the riding date and time, and whether the day is a weekday or a holiday.
[Fig. 14] Fig. 14 is a DB structure diagram illustrating one example of a storage format for an area ID and a center point.
[Fig. 15] Fig. 15 is a DB structure diagram illustrating one example of a storage format for an area ID and a regression
formula.
[Fig. 16] Fig. 16 is a DB structure diagram illustrating one example of a storage format for an area ID and the
predicted number of rides.
[Fig. 17] Fig. 17 is a DB structure diagram illustrating one example of a storage format for an area ID and a regression
formula.
[Fig. 18] Fig. 18 is a DB structure diagram illustrating one example of a storage format for an area ID and the
predicted number rides.
[Fig. 19] Fig. 19 is a flowchart illustrating a flow of an area extraction process for extracting a predetermined area
overlapping a road.
[Fig. 20] Fig. 20 is a flowchart illustrating a flow of a regression formula calculation process for calculating a regression
formula.
[Fig. 21] Fig. 21 is a flowchart illustrating a flow of a data generation process for generating prediction result data.

Description of Embodiments

[0020] Preferred embodiments of the present invention will be described hereinafter with reference to the drawings.
It should be noted that like reference signs are given to like elements in the description of the drawings, and redundant
explanations are omitted.

(1) Function of Demand Prediction Server

[0021] To begin with, a demand prediction server as a demand prediction device according to the present embodiment
will be described with reference to Fig. 1 to Fig. 3. Fig. 1 and Fig. 3 are function explanatory diagrams for explaining a
function of the demand prediction server, and Fig. 2 is an image diagram for explaining superimposition of each data in
demand prediction. The demand prediction server is a device that is installed in a taxi company, for example, and predicts
as the number of demands the number of paging calls or the number of rides in each of predetermined areas as demands
from users who want to use a dispatch service of a taxi. By predicting the number of paging calls or the number of rides
in this manner, it becomes possible to take measures such as stationing a necessary number of operators for handling
calls, making it possible to smoothly provide dispatch of a taxi.
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[0022] The demand prediction server, initially, as depicted in Fig. 1, from predetermined areas M1 to M9 sectioned in
a mesh pattern, selects one area M3 where supply of a dispatch service of a taxi is required the most due to holding of
an event E, and acquires reference distance information indicating a distance between a position of the event E in the
area M3 and a position of prediction reference area A 1 that serves as a reference in predicting demands.
[0023] Then, the demand prediction server, by performing regression analysis using estimated population information
in the area M9 including the prediction reference area A1 and an explanatory variable based on scale information of the
event E and the reference distance information, predicts the number of demands in the prediction reference area A1. It
should be noted that weights are assigned such that as the distance that the reference distance information indicates
becomes shorter, the explanatory variable (i.e., impact of the event E on taxi demands) becomes larger.
[0024] Herein, there is a correlation that as the population indicated by the estimated population information increases,
the number of people estimated to need the supply of the dispatch service of a taxi increases. The demand prediction
server predicts the number of demands by performing regression analysis not only considering the estimated population
information that has the correlation with the number of people estimated to need the supply of the service, but also
considering as geographical data a condition in which as the above-described reference distance information becomes
shorter, the explanatory variable for the event impact becomes larger, and thus it is possible to perform demand prediction
with higher accuracy.
[0025] In addition, the demand prediction server obtains a regression formula for predicting demands in the prediction
reference area A1, and at the same time, obtains a regression formula for predicting demands in each of prediction
target areas A2 to A4 in an area group G that is located on the same road R in a same manner as in the prediction
reference area A1. Then, after the demands in the prediction reference area A1 are predicted, demands in the prediction
target area A2 are predicted. Furthermore, after the demands in the prediction target area A2 are predicted, demands
in the prediction target area A3 are predicted and, after the demands in the prediction target area A3 are predicted,
demands in the prediction target area A4 are predicted. Conventional regression analysis is performed so that the sum
square of residuals of the respective regression formulae becomes minimum, but herein, it is taken into account that
regression formulae for geometrically closer areas are considered more similar to each other, when the sum square of
the residuals is calculated, weights are assigned to emphasize such geometrically close areas. For example, it is taken
into account that regression formulae are considered the most similar to each other between the prediction target area
A2 that is the closest to the prediction reference area A1 among the prediction target areas A2 to A4 and the prediction
reference area A1, and also regression formulae are considered the least similar to each other between the prediction
target area A4 that is the most distant from the prediction reference area A1 and the prediction reference area A1.
[0026] Furthermore, the demand prediction server, as depicted in Fig. 2, for example, when performing demand
prediction for the prediction reference area A1 and performing regression analysis for calculating prediction result data
D18, initially, converts estimated population information D05 described later for an area overlapping the prediction
reference area A1, weather information D06 on weather or temperature described later for the area overlapping the
prediction reference area A1, event information on the event E or opening hours thereof for the area overlapping the
prediction reference area A1, and the like into numbers, linearizes them, and superimposes the results. By superposing
each data in this manner, it becomes possible to predict the number of demands in consideration of each element such
as population, weather, and the event E.
[0027] The estimated population information is, for example, hourly information indicated by a mesh population density
diagram, and the weather information is, for example, hourly information in each of rectangular areas with sides of 10
to 500 meters or daily information in all of the areas M1 to M9. In addition, the event information is, for example, daily
information in each of more finely divided areas than the above-mentioned rectangular areas.
[0028] For example, population indicated by the estimated population information is subjected to a linearization process
without numerical transformation to become linearized population distribution data. In addition, a rainfall amount included
in the weather information is subjected to a linearization process of setting it to "0" if it is less than one millimeter and
setting it to "1" if it is equal to or more than one millimeter to become linearized weather data. Alternatively, the rainfall
amount included in the weather information may be subjected to a linearization process of setting it to "0" if it is less
than one millimeter, setting it to "1" if it is less than five millimeters, setting it to "2" if it is equal to or less than 10 millimeters,
and setting it to "3" if it is equal to or more than 20 millimeters to become linearized weather data.
[0029] In addition, a temperature (e.g., maximum air temperature) included in the weather information may be subjected
to a linearization process of setting it to a minimum of "1" as a discomfort index if it is 10 to 20°C, setting it to "2" as a
discomfort index if it is lower than 10°C or equal to or higher than 30°C, and setting it to a maximum of "3" as a discomfort
index if it is equal to or higher than 35°C to become linearized weather data.
[0030] In addition, a category of an event included in the event information is subjected to a linearization process of
setting it to a minimum of "1" as an event scale if it is a "sport", setting it to "2" as an event scale if it is an "exhibition",
and setting it to a maximum of "3" as an event scale if it is a "festival or fireworks" to become linearized event data.
[0031] In addition, opening hours of the event included in the event information is subjected to a linearization process
of setting it to a minimum of "1" as a usage level if it is "1:00 on a weekday", setting it to "2" as a usage level if it is "15:
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00 on a weekday", and setting it to a maximum of "3" as a usage level if it is "17:00 on a holiday" to become linearized
event data. It should be noted that methods of the above-described linearization processes are examples and it is
preferable to prepare a scatter diagram, for example, and then perform a linearization process watching tendencies
thereof.
[0032] Then, by the demand prediction server, as depicted in Fig. 3, a spatial weighting (geographical weighting)
process is performed. In this process, as a distance between the prediction reference area A1 and a prediction target
area on the same road R is shorter, spatial regression analysis is performed with more weights assigned to emphasize
a residual in a regression formula for demand prediction. Accordingly, as the distance between the areas becomes
shorter, coefficients of explanatory variables in regression formulae used for predicting the number of demands become
closer values to each other (i.e., the regression formulae become similar).
[0033] Herein, when the prediction reference area A1 or the prediction target areas are included in a region where a
facility having influence on taxi demands exists such as an area around a station and a bus stop, around a hospital, or
around an area with no public transportation service, based on facility information indicating an attribute of such a region,
a coefficient of an explanatory variable in a regression formula used for predicting the number of demands in the prediction
reference area A1 or the prediction target areas is calculated. The demand prediction server performs regression analysis
using the actual number of rides, obtains a regression formula having the number of demands Yi or Yk predicted for a
determined applicable range as a target variable, and obtains the number of demands using this regression formula.
The number of demands is hourly information in each of the more finely divided areas than the above-mentioned
rectangular areas, for example.

(2) Structure of Demand Prediction Server

[0034] Subsequently, a structure of the demand prediction server will be described with reference to Fig. 4 and Fig.
5. Fig. 4 is a function block diagram for explaining an outline of a functional module structure of this demand prediction
server 10, and Fig. 5 is a physical structure diagram for explaining an outline of a physical structure of the demand
prediction server 10.
[0035] The demand prediction server 10, as depicted in Fig. 5, is structured with hardware such as a CPU 101, a RAM
102, a ROM 103, a communication module 104, and an auxiliary storage 105 as physical structure elements. These
structure elements operate, whereby each function described below is exerted.
[0036] The demand prediction server 10 includes, as depicted in Fig. 4, as functional structure elements, a data
acquisition unit 1 (estimation acquisition means), a linearization execution unit 2 (event acquisition means), a spatial
weighting unit 3 (distance acquisition means), a regression analysis unit 4 (prediction means), and a demand prediction
unit 5 (prediction means).
[0037] The data acquisition unit 1 is a unit that acquires estimated population information indicating population or
population distribution estimated in the predetermined areas M1 to M9 described above. The estimated population
information is stored by the data acquisition unit 1 in a storage format described later together with area IDs for identification
for determining the predetermined areas M1 to M9, area polygons indicating shapes of these areas, and time indicating
hours when this estimated population information is effective.
[0038] Herein, the data acquisition unit 1, during a predetermined time period (e.g., within one hour) in the predeter-
mined areas M1 to M9, may acquire count information on the number of processes in which a position registering process
with a telecommunications carrier is performed by a mobile terminal such as a cellular phone terminal as the estimated
population information, may acquire count information based on data by static positioning as the estimated population
information, and may acquire population information on population based on statistics for each of day and night as the
estimated population information. The data acquisition unit 1 acquires the estimated population information every time
the predetermined time period elapses (e.g., every one hour). The data acquisition unit 1 acquires this count information
by receiving it from the telecommunications carrier, for example.
[0039] In addition, the data acquisition unit 1 can acquire weather information on weather in the predetermined areas
M1 to M9, and also acquire estimated population information based on this weather information. Furthermore, the data
acquisition unit 1 can acquire event information on the event E held in the predetermined areas M1 to M9, and also
acquire estimated population information based on this event information.
[0040] The linearization execution unit 2 is a unit that acquires scale information and event position information on
the event E in the predetermined areas M1 to M9. The scale information is information indicating population such as the
number of visitors that the event E attracts, and the event position information is information indicating a place where
supply of a dispatch service of a taxi is required relatively strongly due to holding of the event E.
[0041] Herein, the linearization execution unit 2 converts the estimated population information D05 described later for
an area overlapping the prediction reference area A1 for which the number of demands is to be predicted, the weather
information D06 on weather or temperature described later for the area overlapping the prediction reference area A1,
the event information on the event E or opening hours thereof for the area overlapping the prediction reference area A1,
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and the like into numbers, and performs linearization for linear regression. As described above, because information for
the area overlapping the prediction reference area A1 is necessary, mesh shapes that the respective pieces of information
such as the estimated population information D05 and the weather information D06 have may be different from each
other. A function used in performing linearization is set by referring to a scatter diagram of a target variable (the number
of demands for a taxi) and each of the explanatory variables (e.g., a diagram indicating a proportional relationship or a
quadratic functional relationship), for example.
[0042] It should be noted that the prediction reference area A1 covers part of the road R, and this road R is stored as
a road line together with a road ID for identification by the linearization execution unit 2 in a storage format described later.
[0043] The spatial weighting unit 3 is a unit that acquires reference distance information indicating the distance between
the position of the event E that the event position information acquired by the linearization execution unit 2 indicates
and the position of the prediction reference area A1 for which the number of demands is to be predicted. In addition, the
spatial weighting unit 3 acquires relative distance information indicating the distance between the position of the prediction
reference area A1 and each of positions of the prediction target areas A2 to A4 located on the same road R as the
prediction reference area A1. Furthermore, the spatial weighting unit 3 acquires facility information on attributes (region
attribute information) of facilities (e.g., facilities around a station and a bus stop, around a hospital, or around an area
with no public transportation service) in a region in which each of the prediction reference area A1 and the prediction
target areas A2 to A4 is included.
[0044] Then, the spatial weighting unit 3, using the relative distance information thus acquired, performs a spatial
weighting (geographical weighting) process in regression analysis together with the regression analysis unit 4. While
conventional regression analysis is performed so that the sum square of residuals of the respective regression formulae
becomes minimum, the spatial weighting unit 3 takes into account that regression formulae for geometrically closer
areas are more similar to each other (i.e., coefficients of the explanatory variables are close). In other words, the spatial
weighting unit 3, when calculating the sum square of the residuals, assigns weights to emphasize such geometrically
close areas. For example, it is taken into account that as the distance between the prediction reference area A1 and
any of the prediction target areas on the same road R as the prediction reference area A1 becomes shorter, their
regression formulae becomes more similar.
[0045] It should be noted that a facility ID for identification for determining a facility, a polygon indicating a shape of
this facility, and influence that this facility exerts on population change as the facility information described above are
stored by the spatial weighting unit 3 in a storage format described later.
[0046] The regression analysis unit 4 is a unit that, by performing regression analysis using the estimated population
information acquired by the data acquisition unit 1 and the explanatory variable based on the scale information acquired
by the linearization execution unit 2 and the reference distance information acquired by the spatial weighting unit 3,
calculates and generates data for prediction such as a regression formula including an explanatory variable used in
predicting the number of demands in the prediction reference area A1.
[0047] In addition, the regression analysis unit 4 assigns weights such that as the distance that the reference distance
information acquired by the spatial weighting unit 3 indicates becomes shorter, the above-mentioned explanatory variable
becomes larger. Furthermore, the regression analysis unit 4, by performing regression analysis assigning weights such
that residuals become smaller, calculates coefficients of the explanatory variables in the regression formulae, and predicts
the number of demands in the prediction target areas A2 to A4. Regarding the coefficients of the explanatory variables
in the regression formulae, as the distance that the relative distance information acquired by the spatial weighting unit
3 indicates (e.g., dij described later) becomes shorter, the coefficients of the explanatory variables becomes closer values
(i.e., the regression formulae become more similar). Alternatively, the regression analysis unit 4, based on the attributes
that the facility information acquired by the spatial weighting unit 3 indicates, can calculate the coefficients of the ex-
planatory variables in the regression formulae used for predicting the number of demands. Accordingly, for example,
when dispatch of a taxi is performed for a relatively wide place such as the vicinity of a station, because such a place
is an area that exerts influence on demands for a taxi over a wide range, the coefficients of the explanatory variables in
the regression formulae used for predicting the number of demands become closer values. A point indicating a location
where a ride in a taxi by a passenger is actually performed, which is used for calculating the above-mentioned explanatory
variables, and time indicating the date and time when the ride is performed are stored by the regression analysis unit 4
in a storage format described later.
[0048] Hereinafter, the regression formulae calculated by the regression analysis unit 4 will be described. The regres-
sion analysis unit 4, for the following numerical formulae (1) to (3) for obtaining a target variable Ki indicating the number
of demands in a position i of the prediction reference area A1, obtains optimum coefficients (e.g., βin (n is 0,..., n)) of the
explanatory variables in the position i that achieve the best fit, and fixes them as a regression formula for obtaining the
number of demands in the position i. In addition, xni (n is 0, ..., n) are values of linearized population, a rainfall amount,
and a temperature in the position i, and εi is a residual indicating a difference between the predicted number of demands
by using the regression formula and the actual number of rides. Herein, βin (n is 0, ..., n) is obtained such that the value
of the following numerical formula (4) in which εi, εj, εk, ... are used becomes minimum. In addition, dij indicates a distance



EP 2 506 193 A1

9

5

10

15

20

25

30

35

40

45

50

55

between two positions of the position i and a position j, and bi is a value that is changed in accordance with the position
i (more specifically, an attribute that the facility information indicates). 

[0049] Next, the regression analysis unit 4 sets the area A2 as a prediction reference area and, in order to fix the
regression formula for obtaining the number of demands, assigns "j" to the subscript "i" in the above numerical formulae
(1) to (4), and fixes them as regression formulae for obtaining the number of demands in the position j. In this manner,
after the completion of the process on the area A1, other areas such as the area A2 and the area A3 are changed to
prediction reference areas, and processes on the respective areas are performed in the same manner.
[0050] In addition, the regression analysis unit 4 calculates coefficients β of explanatory variables based on the at-
tributes that the facility information stored in the spatial weighting unit 3 indicates and predicts the number of demands.
More specifically, weights of residuals in spatial regression analysis are considered based on the attributes that the
facility information indicates, and the coefficients β of the explanatory variables are calculated. For example, when
dispatch of a taxi is performed for a relatively wide place such as the vicinity of a station, because such a place is an
area that exerts influence on demands for a taxi over a wide range (i.e., an area in which the above-described bi as
influence described later is relatively large), the coefficients β of the explanatory variables in the regression formulae
used for predicting the number of demands become closer values (i.e., a range in which regression formulae are similar
becomes relatively wide). On the other hand, when dispatch of a taxi is performed for a relatively small place such as
the vicinity of a hospital (particularly in a local place such as an entrance exclusively for patients), because such a place
is an area that exerts influence on demands for a taxi within a small range (i.e., a range in which the above-described
bi as influence described later is relatively small), the coefficients β of the explanatory variables in the regression formulae
used for predicting the number of demands become more different values (i.e., a range in which regression formulae
are similar becomes relatively small).
[0051] The demand prediction unit 5 is a unit that, using the data for prediction generated by the regression analysis
unit 4, predicts the number of demands in each of the prediction reference area A1 and the prediction target areas A2
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to A4. The demand prediction unit 5 can visualize the prediction results by displaying them on a map with different colors
in accordance with the number of demands as the prediction results. The regression formula including explanatory
variables used in predicting the number of demands in each of the prediction reference area A1 and the prediction target
areas A2 to A4 and the number of demands obtained by using this formula are stored by the demand prediction unit 5
in a storage format described later.

(3) Example of Storage Format for Area ID and Estimated Population Information

[0052] Subsequently, one example of a storage format for an area ID and estimated population information stored by
the data acquisition unit 1 will be described with reference to Fig. 6. Fig. 6 is a DB structure diagram illustrating one
example of a storage format for area ID and estimated population information.
[0053] As depicted in Fig. 6, in the data acquisition unit 1, area IDs for identification for determining predetermined
areas, area polygons indicating shapes of the areas, time indicating hours when estimated population information thereof
is effective, and the estimated population information in the areas are stored in association with each other.

(4) Example of Storage Format for Area ID and Rainfall Amount

[0054] Subsequently, one example of a storage format for an area ID and a rainfall amount being weather information
stored by the data acquisition unit 1 will be described with reference to Fig. 7. Fig. 7 is a DB structure diagram illustrating
one example of a storage format for an area ID and a rainfall amount.
[0055] As depicted in Fig. 7, in the data acquisition unit 1, area IDs for identification for determining predetermined
areas, area polygons indicating shapes of the areas, time indicating hours when information on rainfall amounts thereof
is effective, and the rainfall amounts are stored in association with each other.

(5) Example of Storage Format for Area ID and Temperature

[0056] Subsequently, one example of a storage format for an area ID and a temperature being weather information
stored by the data acquisition unit 1 will be described with reference to Fig. 8. Fig. 8 is a DB structure diagram illustrating
one example of a storage format for an area ID and a temperature.
[0057] As depicted in Fig. 8, in the data acquisition unit 1, area IDs for identification for determining predetermined
areas, area polygons indicating shapes of the areas, time indicating hours when information on temperatures thereof is
effective, and the temperatures are stored in association with each other.

(6) Example of Storage Format of Event Information

[0058] Subsequently, one example of a storage format for event information stored by the data acquisition unit 1 will
be described with reference to Fig. 9. Fig. 9 is a DB structure diagram illustrating one example of a storage format for
event information.
[0059] As depicted in Fig. 9, in the data acquisition unit 1, points indicating center positions of event venue areas in
x and y coordinates (i.e., latitude and longitude), time indicating opening hours of the events, and event scales indicating
the number of audiences, the number of customers, or the number of visitors to the events are stored in association
with each other.

(7) Example of Storage Format for Road ID and Road Line

[0060] Subsequently, one example of a storage format for a road ID and a road line stored by the linearization execution
unit 2 will be described with reference to Fig. 10. Fig. 10 is a DB structure diagram illustrating one example of a storage
format for a road ID and a road line.
[0061] As depicted in Fig. 10, in the linearization execution unit 2, road lines and road IDs for identification each of
which is uniquely assigned to each of the road lines are stored in association with each other.

(8) Example of Storage Format for Facility ID and Influence

[0062] Subsequently, one example of a storage format for a facility ID and influence that are facility information stored
by the spatial weighting unit 3 will be described with reference to Fig. 11. Fig. 11 is a DB structure diagram illustrating
one example of a storage format for a facility ID and influence.
[0063] As depicted in Fig. 11, in the spatial weighting unit 3, facility IDs for identification each of which is uniquely
assigned to each of facilities around a station and a bus stop, around a hospital, or around an area with no public
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transportation service, for example, polygons of these facilities, and influence by the facilities are stored in association
with each other. As the influence thereof, a default value bn (n is j, ..., k) is initially set and, as described above, when
dispatch of a taxi is performed for a relatively wide place such as the vicinity of a station, because such a place is an
area to be predicted that exerts influence on demands for a taxi over a wide range, a value larger than this default value
bn is set as a geographical weight. In the same manner, when dispatch of a taxi is performed for a relatively small place
such as the vicinity of a hospital (particularly in a local place such as an entrance exclusively for patients), because such
a place is an area to be predicted that exerts influence on demands for a taxi within a small range, a value smaller than
this default value bn is set as a geographical weight.

(9) Example of Storage Format for Location and Date and Time

[0064] Subsequently, one example of a storage format for a location where and a date and time when a ride is
performed, stored by the regression analysis unit 4, will be described with reference to Fig. 12 and Fig. 13. Fig. 12 is a
DB structure diagram illustrating one example of a storage format for a point that indicates a location where a ride in a
taxi by a passenger is actually performed in x and y coordinates (i.e., latitude and longitude) and time indicating a date
and time when the ride in a taxi is performed. In addition, Fig. 13 is a DB structure diagram illustrating one example of
a format for a day of the week corresponding to time indicating a date and time when a ride is performed and whether
the day is a weekday or a holiday.
[0065] As depicted in Fig. 12, in the regression analysis unit 4, points and time are stored in association with each
other. In addition, as depicted in Fig. 13, as calendar information, days of the week corresponding to time indicating
days and time when rides are performed, and whether the days are weekdays or holidays are stored therein in association
with each other.

(10) Example of Storage Format for Information Stored in association with Area ID

[0066] Subsequently, one example of a storage format for information stored in association with an area ID, stored
by the demand prediction unit 5, will be described with reference to Fig. 14 to Fig. 18. Fig. 14 is a DB structure diagram
illustrating one example of a storage format for an area ID and a center point, and Fig. 15 is a DB structure diagram
illustrating one example of a storage format for an area ID and a regression formula as regression formula data D11
described later. In addition, Fig. 16 is a DB structural diagram illustrating one example of a storage format for an area
ID and the predicted number of rides that can be considered to be the predicted number of demands, and Fig. 17 is a
DB structural diagram illustrating one example of a storage format for an area ID and a regression formula as data for
prediction D17 described later. Furthermore, Fig. 18 is a DB structural diagram illustrating one example of a storage
format for an area ID and various information as past actual result data.
[0067] As depicted in Fig. 14, in the demand prediction unit 5, area IDs for identification for determining predetermined
areas, area polygons indicating shapes of the areas, and center points indicating the positions of centers such as
centroids of the areas in x and y coordinates (i.e., latitude and longitude) are stored in association with each other.
[0068] In addition, as depicted in Fig. 15, in the demand prediction unit 5, as regression formula data D11 described
later, area IDs, area polygons, center points, and regression formulae used for predicting the number of demands for
corresponding predetermined areas are stored in association with each other.
[0069] Furthermore, as depicted in Fig. 16, in the demand prediction unit 5, as prediction results, area IDs, area
polygons, center points, and the predicted number of rides obtained by using corresponding formulae are stored in
association with each other.
[0070] In addition, as depicted in Fig. 17, in the demand prediction unit 5, as data for prediction D17 described later,
area IDs, area polygons, center points, regression formulae, time indicating hours when information on rainfall amounts
and temperatures is effective, population at ordinary times when no event is held, rainfall amounts, temperatures, event
impacts indicating the number of audiences, the number of customers, or the number of visitors when events are held,
and geographical weight values described above are stored in association with each other.
[0071] Furthermore, as depicted in Fig. 18, in the demand prediction unit 5, as past result data, area IDs, area polygons,
center points, time indicating hours when information on rainfall amounts and temperatures is effective, the number of
rides in which rides are actually performed by passengers, population at ordinary times when no event is held, rainfall
amounts, temperatures, the above-mentioned event impacts, and geographical weighting values described above are
stored in association with each other.
[0072] (11) Flow of Area Extraction Processes for Extracting Predetermined Area Overlapping Road
Subsequently, a flow of area extraction processes for extracting a predetermined area overlapping a road, performed
by the data acquisition unit 1, will be described with reference to Fig. 19. Fig. 19 is a flowchart illustrating the flow of the
area extraction processes for extracting a predetermined area overlapping a road.
[0073] To begin with, the data acquisition unit 1 determines and generates detailed mesh information that includes
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boundary information for specifying predetermined areas sectioned in a mesh pattern each of which is rectangular with
sides in optional size of approximately 10 to 500 meters (step S01). The whole of the predetermined areas has a generally
rectangular shape with vertical sides and horizontal sides each of which is several kilometers to several tens of kilometers
long. It should be noted that the shapes of the predetermined areas are not limited to those in a mesh pattern.
[0074] Next, the data acquisition unit 1, using the road data D01 indicating a field of the road R, checks overlapping
of the predetermined areas in a mesh pattern and the road R, extracts a predetermined area overlapping the road R as
the prediction reference area A1, acquires estimated population information indicating population estimated in this
predetermined area, and accordingly generates result display area data D02 (step S02, estimation acquisition step).
Then, a series of the area extraction processes end.

(12) Flow of Regression Formula Calculation Processes for Calculating Regression Formulae

[0075] Subsequently, regression formula calculation processes for calculating regression formulae that are performed
by the linearization execution unit 2, the spatial weighting unit 3, and the regression analysis unit 4 will be described
with reference to Fig. 20. Fig. 20 is a flowchart illustrating a flow of the regression formula calculation processes for
calculating regression formulae.
[0076] To begin with, other than the result display area data D02 generated by the data acquisition unit 1, ride data
D03 that indicates the points of riding positions and riding days and time stored by the regression analysis unit 4 (see
Fig. 12); linearized event data D08 that includes scale information and event position information on the event E acquired
by the linearization execution unit 2; facility data D04 that indicates facility IDs, polygons, and influence stored by the
spatial weighting unit 3 (see Fig. 11); linearized population distribution data D05, linearized weather data D06, linearized
temperature data D07, and linearized hours data D09 that are linearized by the linearization execution unit 2 are generated
(event acquisition step).
[0077] Then, the spatial weighting unit 3 acquires these pieces of data, acquires reference distance information indi-
cating a distance between the position of event E and the prediction reference area A1 and in addition, acquires relative
distance information indicating a distance between the prediction reference area A1 and a prediction target area (herein,
the prediction target area A2 is set) (distance acquisition step), performs an analysis process together by the regression
analysis unit 4, and accordingly generates analysis data D10 (step S03). Herein, more specifically, a join operation of
the ride data D03 as a first process, a join operation of the linearized population distribution data D05 as a second
process, a join operation of the linearized weather data D06 as a third process, a join operation of the linearized tem-
perature data D07 as a fourth process, a join operation of the linearized event data D08 as a fifth process, a join operation
of the facility data D04 as a sixth process, and a join operation of the linearized hours data D09 as a seventh process
are performed.
[0078] In the join operation of the ride data D03 as the first process, a process of counting the number of riding points
for each of specified hours (e.g., from 1:00 to 2:00, from 2:00 to 3:00) included in each of the respective area polygons
and adding the result to "the number of rides" is performed.
[0079] In the join operation of the linearized population distribution data D05 as the second process, a process of
adding population values for the time corresponding to target areas of the linearized population distribution data D05
overlapping the center points to the "population" is performed.
[0080] In the join operation of the linearized weather data D06 as the third process, a process of adding rainfall amount
values for the time corresponding to target areas of the linearized weather data D06 overlapping the center points to
the "rainfall amount" is performed.
[0081] In the join operation of the linearized temperature data D07 as the fourth process, a process of adding tem-
perature values for the time corresponding to target areas of the linearized temperature data D07 overlapping the center
points to the "temperature" is performed.
[0082] In the join operation of the linearized event data D08 as the fifth process, a process of calculating distances
from the center points to the respective points of the event data, multiplying the event scales by damping functions due
to the distances, and adding the sum of these results for all of the events to the "event impact" is performed.
[0083] In the join operation of the facility data D04 as the sixth process, a process of adding influence of the respective
polygons of the facility data D04 overlapping the center points to the "geographical weight" is performed. It should be
noted that when there are no overlapping polygons, a fixed number is initially set as the default value bn (n is j, ..., k).
[0084] In the join operation of the linearized hours data D09 as the seventh process, a process of adding the corre-
sponding hours values is performed.
[0085] Next, the regression analysis unit 4, using the analysis data D10 generated, performs spatial regression analysis
for positions or areas (e.g., position i) for which spatial regression analysis has not been performed (step S04, prediction
step). Herein, residuals εi, εj, εk, ... are obtained. Then, the regression analysis unit 4 determines whether execution of
spatial regression analysis has been completed for all of the points or the areas for which the number of demands is to
be predicted or not (step S05, prediction step). When there is a point or an area for which execution of spatial regression
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analysis has not been performed (e.g., position j), the procedure moves back to the above step S04, and spatial regression
analysis is performed (for the position j, herein). More specifically, for example, by assigning "j" to the subscript "i" in the
above formula (1) to (4), residuals εi, εj, εk, ... are obtained in the same manner. In contrast, when execution of spatial
regression analysis has been completed for all of the points and the areas for which the number of demands is to be
predicted, the regression analysis unit 4, based on the execution results of the spatial regression analysis, calculates
and generates the regression formula data for prediction D11 such as regression formulae including explanatory variables
used in predicting the number of demands. Then, a series of regression formula calculation processes end.

(13) Flow of Data Generation Processes for Generating Prediction Result Data

[0086] Subsequently, a flow of data generation processes for generating prediction result data by substituting prediction
values of the respective explanatory variables into regression formulae performed by the demand prediction unit 5 will
be described with reference to Fig. 21. Fig. 21 is a flowchart illustrating a flow of the data generation processes for
generating the prediction result data.
[0087] To begin with, other than the regression formula data for prediction D11 generated by the regression analysis
unit 4, using the facility data D04 (see Fig. 11), the linearized population distribution data D05, the linearized weather
data D06, the linearized temperature data D07, the linearized event data D08, and the linearized hours data D09, the
demand prediction unit 5 generates the data for prediction D17 in which the areas and the dates and time for which the
number of demands is to be predicted and the regression formula data for prediction D11 are associated with each other
(step S06, prediction step). Herein, more specifically, a join operation of the linearized population distribution data D05
as a first process, a join operation of the linearized weather data D06 as a second process, a join operation of the
linearized temperature data D07 as a third process, a join operation of the linearized event data D08 as a fourth process,
a join operation of the facility data D04 as a fifth process, and a join operation of the linearized hours data as a sixth
process are performed.
[0088] In the join operation of the linearized population distribution data D05 as the first process, a process of adding
population values for the time corresponding to target areas of the linearized population distribution data D05 overlapping
the center points to the "population" is performed.
[0089] In the join operation of the linearized weather data D06 as the second process, a process of adding rainfall
amount values for the time corresponding to target areas of the linearized weather data D06 (predicted values) overlapping
the center points to the "rainfall amount" is performed.
[0090] In the join operation of the linearized temperature data D07 (predicted values) as the third process, a process
of adding temperature values for the time corresponding to target areas of the linearized temperature data D07 overlapping
the center points to the "temperature" is performed.
[0091] In the join operation of the linearized event data D08 (predicted values) as the fourth process, a process of
calculating distances from the center points to the respective points of the event data, multiplying the event scales by
damping functions due to the distances, and adding the sum of these results for all of the events to the "event impact"
is performed.
[0092] In the join operation of the facility data D04 as the fifth process, a process of adding influence of the respective
polygons of the facility data D04 overlapping the center points to the "geographical weight" is performed. It should be
noted that when there are no overlapping polygons, a fixed number is initially set as the default value bn (n is j, ..., k).
[0093] In the join operation of the linearized hours data as the sixth process, a process of adding the corresponding
hours values is performed.
[0094] It should be noted that as the predicted values of the linearized population distribution data D05, for example,
average values of attributes on the day of prediction (e.g., a day of the week, time, a holiday or a weekday) are used.
In addition, as the predicted values of the linearized weather data D06 and the linearized temperature data D07, for
example, weather forecast data is used. Furthermore, as the predicted values of the linearized event data D08, for
example, information posted on an event aggregator site or searched results by an event finding algorithm are used.
[0095] Then, the demand prediction unit 5, using the data for prediction D17 generated, predicts the number of demands
in the prediction reference area A1 and the prediction target areas A2 to A4 (step S07, prediction step), and calculates
and generates the prediction result data D18 indicating the prediction results (see Fig. 15). Then, a series of the data
generation processes end.

(14) Functions and Effects according to Present Invention

[0096] The demand prediction server 10 initially acquires estimated population information indicating population es-
timated in a predetermined area, and acquires relative distance information indicating a distance between a position of
a prediction reference area included in the predetermined area and a position of a prediction target area for which the
number of demands is to be predicted with the prediction reference area as a reference. Then, the demand prediction
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server 10, by performing regression analysis using the estimated population information and a residual based on the
relative distance information, predicts the number of demands in the prediction target area. It should be noted that the
demand prediction server 10 assigns weights such that the residual becomes smaller as the distance that the relative
distance information indicates becomes shorter.
[0097] Herein, there is a correlation that as the population indicated by the estimated population information acquired
increases, the number of people estimated to need supply of the service increases. The demand prediction server 10
predicts the number of demands by performing regression analysis not only considering the above-described estimated
population information that has the correlation with the number of people estimated to need the supply of the service,
but also considering as geographical data a condition in which as the distance between the position of the prediction
reference area and the position of the prediction target area becomes shorter, the residual being a difference in predicting
the number of demands becomes smaller, and thus it is possible to perform demand prediction with higher accuracy.
[0098] In addition, the demand prediction server 10 initially acquires the estimated population information, scale in-
formation, and event position information, and acquires reference distance information indicating a distance between a
position of an event that the event position information indicates and the position of the prediction reference area. Then,
the demand prediction server 10, by performing regression analysis using the estimated population information and a
residual based on the scale information and the reference distance information, predicts the number of demands in the
prediction reference area. It should be noted that the demand prediction server 10 assigns weights such that the ex-
planatory variable based on the scale information and the reference distance information becomes larger as the distance
that the reference distance information indicates becomes shorter.
[0099] Herein, there is a correlation that as the population indicated by the estimated population information acquired
increases, the number of people estimated to need supply of the service increases. The demand prediction server 10
predicts the number of demands by performing regression analysis not only considering the above-described estimated
population information that has the correlation with the number of people estimated to need the supply of the service,
but also considering as geographical data a condition in which as the distance between the position of the event and
the position of the prediction reference area becomes shorter, the above-described explanatory variable becomes larger,
and thus it is possible to perform demand prediction with higher accuracy.
[0100] In addition, there is a correlation that as the number of performed position registering processes indicated by
count information increases, the number of users of mobile phones is estimated to be larger, and thus the number of
people who need the supply of the service increases. Accordingly, with this structure, it becomes possible to estimate
dynamic changes in population, making it possible to perform demand prediction with higher accuracy.
[0101] In addition, because the number of demands is predicted with weather information on weather in the prede-
termined area considered, it becomes possible to perform demand prediction with higher accuracy.
[0102] In addition, it becomes possible to predict the number of demands with higher accuracy on the basis of an
attribute of a region in which the prediction reference area and the prediction target area are included.

(15) Example of Modification

[0103] In the above-described embodiments, the demand prediction server 10 has been described to be a device that
is installed in a taxi company and predicts demands from users who want to use a dispatch service of a taxi, but contents
of a service are not particularly limited, for example, it may be prediction of the number of rides as a target variable in
a transportation service by other public transportation such as a train, a bus, and a new transportation system, and also
may be prediction of sales (trade area analysis) as a target variable in merchandising services.

Industrial Applicability

[0104] According to the present invention, it is possible to perform demand prediction with higher accuracy.

Reference Signs List

[0105] 1... data acquisition unit, 2... linearization execution unit, 3... spatial weighting unit, 4... regression analysis unit,
5... demand prediction unit, 10... demand prediction server, 101... CPU, 102...RAM, 103... ROM, 104...communication
module, 105... auxiliary storage, A1... prediction reference area, A2 to A4... prediction target area, D01... road data,
D02... result display area data, D03... ride data, D04... facility data, D05... linearized population distribution data, D06...
linearized weather data, D7... linearized temperature data, D08... linearized event data, D09... linearized hours data,
D10... analysis data, D11... regression formula data for prediction, D17... data for prediction, D18... prediction result
data, E... event, G... area group, M1 to M9... area, R... road
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Claims

1. A demand prediction device that predicts the number of demands of users who want to use a service, the demand
prediction device comprising:

estimation acquisition means for acquiring estimated population information that indicates population estimated
in a predetermined area;
distance acquisition means for acquiring relative distance information that indicates a distance between a position
of a prediction reference area included in the predetermined area and a position of a prediction target area for
which the number of demands is to be predicted with the prediction reference area as a reference; and
prediction means for, by performing regression analysis using the estimated population information acquired
by the estimation acquisition means and a residual based on the relative distance information acquired by the
distance acquisition means, predicting the number of demands in the prediction target area, wherein
the prediction means predicts the number of demands by assigning weights such that the residual becomes
smaller as the distance that the relative distance information indicates becomes shorter.

2. A demand prediction device that predicts the number of demands of users who want to use a service, the demand
prediction device comprising:

estimation acquisition means for acquiring estimated population information that indicates population estimated
in a predetermined area;
event acquisition means for acquiring scale information and event position information on an event in the
predetermined area;
distance acquisition means for acquiring reference distance information that indicates a distance between a
position of the event that the event position information acquired by the event acquisition means indicates and
a position of a prediction reference area for which the number of demands is to be predicted; and
prediction means for, by performing regression analysis using the estimated population information acquired
by the estimation acquisition means and an explanatory variable based on the scale information of the event
acquired by the event acquisition means and the reference distance information acquired by the distance ac-
quisition means, predicting the number of demands in the prediction reference area, wherein
the prediction means predicts the number of demands by assigning weights such that the explanatory variable
becomes larger as the distance that the reference distance information indicates becomes shorter.

3. The demand prediction device according to claim 2, wherein
the distance acquisition means acquires relative distance information that indicates a distance between a position
of the prediction reference area included in the predetermined area and a position of a prediction target area that
is located on the same road as that on the prediction reference area and for which the number of demands is to be
predicted, and
the prediction means, by performing regression analysis using a residual that is based on the relative distance
information acquired by the distance acquisition means and becomes smaller as the distance that the relative
distance information indicates becomes shorter, predicts the number of demands in the prediction target area.

4. The demand prediction device according to any one of claims 1 to 3, wherein
the estimation acquisition means acquires count information on the number of processes in which a position regis-
tering process is performed by a mobile terminal within a predetermined time period in the predetermined area as
the estimated population information.

5. The demand prediction device according to any one of claims 1 to 4, wherein
the estimation acquisition means acquires weather information on weather in the predetermined area and also
acquires the estimated population information based on the weather information.

6. The demand prediction device according to any one of claims 1 to 5, wherein
the distance acquisition means acquires region attribute information on an attribute of a region in which the prediction
reference area is included, and
the prediction means calculates a coefficient of an explanatory variable based on the attribute that the region attribute
information acquired by the distance acquisition means indicates to predict the number of demands.

7. A demand prediction method executed by a demand prediction device predicting the number of demands of users
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who want to use a service, the demand prediction method comprising:

an estimation acquisition step of, by the demand prediction device, acquiring estimated population information
that indicates population estimated in a predetermined area;
a distance acquisition step of, by the demand prediction device, acquiring relative distance information that
indicates a distance between a position of a prediction reference area included in the predetermined area and
a position of a prediction target area for which the number of demands is to be predicted with the prediction
reference area as a reference; and
a prediction step of, by the demand prediction device, by performing regression analysis using the estimated
population information acquired at the estimation acquisition step and a residual based on the relative distance
information acquired at the distance acquisition step by the demand prediction device, predicting the number
of demands in the prediction target area, wherein
at the prediction step, the demand prediction device predicts the number of demands by assigning weights such
that the residual becomes smaller as the distance that the relative distance information indicates becomes
shorter.

8. A demand prediction method executed by a demand prediction device predicting the number of demands of users
who want to use a service, the demand prediction method comprising:

an estimation acquisition step of, by the demand prediction device, acquiring estimated population information
that indicates population estimated in a predetermined area;
an event acquisition step of, by the demand prediction device, acquiring scale information and event position
information on an event in the predetermined area;
a distance acquisition step of, by the demand prediction device, acquiring reference distance information that
indicates a distance between a position of the event that the event position information acquired at the event
acquisition step indicates and a position of a prediction target area for which the number of demands is to be
predicted; and
a prediction step of, by the demand prediction device, by performing regression analysis using the estimated
population information acquired at the estimation acquisition step and an explanatory variable based on the
scale information of the event acquired at the event acquisition step and the reference distance information
acquired at the distance acquisition step by the demand prediction device, predicting the number of demands
in the prediction target area, wherein
at the prediction step, the demand prediction device predicts the number of demands by assigning weights such
that the explanatory variable becomes larger as the distance that the reference distance information indicates
becomes shorter.
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